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CHAPTER 1

GENERAL - DEFINITI( INS

" GECTION 1-1 - GENERAL

_ The purpose of this document is to define a test method and
standard conditions to enable all NATO countries to conduct
tests using an identical method or to analyze the tests con-
ducted in the laboratories of other NATO countries on the

basis of this method.

The method described below is independent of existing natio-
nal test methods, which may be used for supplementary tes-

ting.

When an engine has met the requirements of the tests under
the present code, its power rating should be indicated as
follow : Rated Power ... kW (... metric HP) at ... r.p.m, in
accordance with NATO AEP 5 - MAY. 88 issue».



SECTION 1-2 - FIELD OF APPLICATION

These test requirements apply to gas-turbines proposed for
militafy vehicle propulsion.



SECTION 1-3_- DEFINITIONS

A maijor failure is a failure of any part or component of the
engine assembly that leads to 2 final stoppage of the engine
or that brings about a loss of power which cannot be recti-
fied to give at least 95 % of initial measured power, within
the scope of normal maintenance and adjustment.

Any major failure will lead to termination of the test and
any retest must start at 0 hour.

Major failures and corrective actions are to be reported to

_the proper National Authority.

A minor failure is a failure which leads to a loss of power

or degradation of the operation of the engine and which it is
possible to remedy within the scope of normal maintenance and
adjustment. If 95 % of the initial measured power cannot be
obtained after normal maintenance then the test will be ter-

minated.

The minor failures and the measures taken to oircrcomé them
must be included in the report.

The suitability of an engine for NATO AEP 5 is to be the res-
ponsability of the National Authorities after completion cf
the 400 hours test and consideration of the final condition of

the engine.

Note : The measurement units are to be in accordance with the
System Intemational.




| CHAPTER 2

TRE EME

E -

SECTION 2:1 - GENERAL COMPOSITION AND ORDER OF TEST

Running-in in accordance with manufacturer’s instructions.

Performance test, complete (full and part loads).

Endurance test.
Performance test, complete (full and part loads).

'Disassembly, inspection and measurement.

Report.

s Notes -

(1) Engine measurements may be carried out before running-in

(2) The manufacturer is responsible for defining the mmning-in
program and the engine should have been nm-in before it is

submitted for testing. |

(3) Insofaras Qossible, the manufacturer’s drawing and technical
data will be ‘supplied with the engine, to assist inspection and
measurement of components. '

(4) Itis normal practice for the engine to be given a preliminary
performance test immediatly after receipt, to check acceptability.

(5) If an initial inspection is accomplished, the final one should be
carried out by the same inspection team using the same gauges.




3.1.2. Dyring perfprmance and durabiliiv festing, the followipg variables will be

2 : :

a - Main values _
" Speed (engine output shaft)
‘Torque (engine output shaft)

b - Ambient conditions -

Temperature of ambient air.
Atmogpheric pressure
Humidity

¢ - Air and gases
Inlet air temperature

Inlet depression

Inlet air flow (performance test only)

Exhaust temperature

Exhaust back pressure

Gas temperatures at points influencing fuel control

(if required).

d - Lubrication coolin
Qil temperatures and pressures
Coolant temperatures into and out of the engine
Flow rates of fluids to cooling devices external to the engine
(for heat rejection calculations). (Performance test only).
0Oil consumption (during endurance tests only).

¢ - Fuel -
Fuel temperature

Fuel consumptioa.

f - Miscellaneous
Smoke density
Other parameters which influence fuel control
Vibration.
Exhaust gases analysis (desirable)




2.1.3. Reoylated parameters

Inlet Air Depression (*) at rated power : 25 =+ 5 mbar.

Exhaust Back Pressure (¥*) at rated power : 40 & 2,5 mbar.
Fuel temperature : At fuel pump inlet : 30 £ 3° C.

Inlet air temperature : The inlet temperature will be main-
tained as close as possible to 25° C.

™ Depression differcatial between static atmospheric air pressure and
the total pressure at the point of measurcment.

(**)  Exhaust back pressurc between static atmospheric and static pressure at
the point of measurement.

) 1.4, Test jiti
Measuring is to be done in normal and stable operating conditions.

The temperature of the air entering the engine (ambient air) is to be
measured at a maximum distance of 0,15 m from the air filter inlet or,
if there is no filter, 0,15 m from the air inlet nozzle. The thermometer
or thermocouple must be protected against heat radiation and be loca-
ted directly in the air jet. Testing must be carried out in an adequate
number of positions to give a representative inlet temperature.

Once an output speed has been selected for measurement purposes, its
value must not vary by more than £ 1 % or £ 10 r.p.m. (whichever of
these limits is the higher) during measurement.

The readings for brake load, fuel consumption and inlet air tempera-
nare are to be taken simultaneously, the value recorded being the
average of two stabilized results, obtained in succession with brake
10ad and fuel consumption differing by less than 2 %.

When a device fitted with an automatic starting system is used for
measuring speed and fuel consumption, the duration of measurement
must be at least 30 seconds ; if the measuring device is manually opera-
ted, the duration must be at least 60 seconds.



An instantaneous consumption measuring device may be utilised.

The exhaust gas outlet temperature must be measured at a point down-
stream and less than 100 mm from the flange(s) of the exhaust

manifold(s).

|
|
E
t
E
| Lubricant temperature is to be measured at the inlet and out et of the
heat exchanger if there is one. Otherwise it must be taken preferably

in the lubrication system. The measuring point will be specified in
the test report.

Fuel temperature must be read at the fuel pump inlet.

Auxiliary power take-offs may be loaded and then measured.

2.1,5. Fuels and lubricants
Engines are to be tested on fuels and lubricants in conformity with
NATO specifications or specified by National Authorities.

The references of the specifications of products used must be stated in
the approval certificate. .



= TORQUE

The torque must be accurate within + 0,5 % of the highest value recor-
ded.

= QUTPUT SPEED

Measurement must be accurate to within £ 0,5 %.

= FUEL CONSUMPTION

+1 % for all apparatus used.

= TEMPERATURES

Intake air+ 1° C.

— PRESSURE
Atmospheric pressure * 0,7 mbar.
Air and gas prcssuré + 50 mbar.
Induction and exhaust pressure and depression * 0,250 mbar.

Pressure of other fluids + 250 mbar.




Engines will be equipped only with such auxiliary equipment as is
strictly esseatial to their operation.

(see table of auxiliary equipment at section 2.6).




The performance test maximum load curve will be plotted from measu-
rements taken at a minimum of five speed settings, one of these settings

being the rated speed.

For each setting, the engine should be run for a sufficient time to allow
the operating parameters to stabilize.

Part-load data is to be recorded at the same pre-selected speeds as for
e full-load test. The part loads for each speed point are to be calcula-
ted at least for 85 %, 70 %, 50 % and 25 % of the full load at the given

speed.

During this test, the smoke emission as measured on the BOSCH Scale
(or equivalent) shall not exceed 1.5.

i ’ . =

In order to assess the performance.data of the turbine, mahufacmrer’s ‘
correction factors will be used. ‘




SECTION 2-4_- ENDURANCE TEST

34.1. Theendurance test duration is 400 hours, divided into four pe-
riods of 100 hours each. At the completion of each period, the
engine shall be submitted to a full-load performance check.

242. Nommal maintenance and adjustment will be permissible after
each 100 hour test period.

9 43. Engine oil and filters may be changed after each 100 hours
period.

5 4.4.  The four 100 hour periods which make up the endurance test are
to be carried out with the fuel and lubricant defined in 2.1.5.

24.5.  Each 100 hour period 1s to comprise ten 10 hour cycles.

Each 10 hour cycle will be carried out in accordance with the
program (2.5.).

The change from one running condition to another should be
accomplished within 15 seconds. If not, it must be reported
in the test report. : '

5 4.6. Data will be recorded during the last five minutes of each of
the sub-cycles included in the basic 10 hour cycle, with the
exception of sub-cycles 2, 4, 7.8,10,11.

24.7. No intcmxptions are permitted during any of the subcycles,
but the engine may be switched off on completion of any sub-

cycle.

At least 5 times during each 100 hour period, the engine will
be shut down for a minimum of 8 hours.




SECTION 2:5 - PROGRAM OF 10 HOUR CYCLE

Period % Rated Speed Load % Duration
(hours)
1 Idle (1) Idle (1) 0,5
: 2 ] 100 100 (2) 1
3 50 100 100 (2) 1
3 min 3 min
4 Stop 025
5 70 100 (2) 1
6 Idle Idle 0,5
7 Idie 100 1dle 100 2
2min (3) 3min @)
8 Stop 0,25
9 100 100 2) 1
10 Stop 0,25
11 Idle 100 1dle 100 2
2min (3) 3 min @ |
12 Idle de | 025
TOTAL -oueveeerneemsnscnanes 10

(1)Manufacturcr’s published idle or as

spécified by vehicle installaton.

(2) Onc hundred percent load will be govemned by full throttle.

(3) The moving of the command is shorter than 3 seconds.




SECTION 2:6 - DETAILS OF REQUIRED PRODUCTION AUXILIARY
EOUIPMENT

E
'f
E

Inlet System

Air Filter System
Inlet Silencer Optional

Exhaust System

Piping
Silencer

Exhaust pipes Test Bench Equipment

Fuel Feed Pump Optional

Fuel Injection Equipment

Prefilter Yes, or test bench cquipment-

Filter

Electrical Equipment If necessary




SECTION 2-7 - INFORMATION TO BE INCLUDED IN TEST REPORT

A complete report covering all the tests, servicing, maintenance, rectification
of faults and the condition of the engine at the strip examination including the
measurements of the principal wearing parts will be compiled.

The report will also include the following :

1. A statement of the build standard of the engine, with drawings and a parts
list

2. Photographs of the engine from four different views.

3. Photographs of the test installation at least four different views.
4. A list of equipment fitted to the eﬁginc.

5. Sample test sheets. .
Full load performance data will be shown in the format indicated.

A list of failures and corrective actions to overcome them.

6. An engine condition report at end of test with photographs of the condition :
of major parts such as combustion chamber, compressor wheels and diffu-
sors, turbine wheels and nozzles, reduction gear and any other components

of interest.

7. A history chart of lubricating oil used during the endurance tests.

8. Analysis of new and used lubricating oil, the later to be taken at approxi-
mately 100 hours intervals.

9. Fuel analysis.

10. The references of the specifications of the fuel and the lubricant used.

11. Any other relevant data.
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Y I

ti : temperature
of
pi : pressure

airorgas 1 ={0 ambient
=1 after air filter
=2 after compressor
=72' after heater
=13 after combustion chamber
=3 after gas generator turbine
=4 after power turbine
= 4' exhaust gas’

fuel 1 =f

oil i =h

. q:mass flow" i = f fuel per hour

= a air per hour

b.s.f.c. : brake specific fuel consumption

n - rotation speed (engine output shaft)
M : torque idem

P : power idem
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SCHEMA DE PRINCIPE D’UNE TURBINE A GAZ

SCHEMATIC DIAGRAM GAS TURBINE ENGINE

1. Filreaair - Air filter

2.  Compresseur - Compressor

3. Turbin;: du génératcur de gaz - Gas generator turbine

4.  Echangeur - Heat exchanger
Récupérateur - Recuperator or regenerator

5. Chambre dc combustion - Cornbﬁstion chamber

6. Turbine de puissance - Power turbine

‘y \ 12'-p2’
AN

12-p2
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SECTION 1:2 - FIELD OF APPLICATION

These test requirements apply to all Diesel or Spark lgmnon engines
proposed for military vehicle propulsion.



SECTION 1-3 - DEFINITIONS .-

A major failure is a failure of any part or component of the engine
assembly that leads to a final stoppage of the engine or that brings
about a loss of power which cannot be rectified to give at least 95 %
of initial measured power, within the scope of normal maintenance

and adjustment.

Any major failure will lead to termination of the test and any retest
must start at O hour.

Major failures and corrective actions are to be reported to the proper
National Authority. T '

A minor failure is a failure which leads to a loss of power or degrada-
tion of the operation of the engine and which it is possible to remedy
within the scope of normal maintenance and adjustment. If 95 % of
the initial measured power cannot be obtained after normal mainte-
nance then the test will be terminated.

g

The minor failures and the measures taken to overcome themn must be
included in the report. . ’

The suitability of an engine for NATO AEP 5 is to be the responsabili-
ty of the National Authorities after completion of the 400 hours test
and consideration of the final condition of the engine.

The measurement units must be in accordance with the System Inter-
national.

Note :

-24-



] 4

VY ¢ TRTTYIOST Y
Fim . - Tor~
L R N

TRE EME

SECTION2-1 - GENERAL COMPOSITION AND ORDER OF TEST

Running-in in accordance with manufacturer’s instructions.
Performance test, complete (full and part loads).
Endurance test.

Performance test, complete (full and part loads).
Disassembly, inspection and measurement.

Report. '

Notes ;

(1) Engine measurements may be carried out before running-in

(2) The manufacturer is responsible for defining the running-in
program and the engine should have been run-in before it is
submitted for testing.

(3) Inso far as possible, the manufacturer’s drawing and techni—
cal data will be supplied with the engine, to assist inspection
and measurgment of components.

(4) 1Itis normal practice for the engine to be given a preliminary
performance test immediatly after receipt, to check accepta-

bility.

(5) If an initial inspection is accomplished, the final one should
be carried out by the same inspection team using the same
gauges.

-25-




2,1.2. During performance and durability testing. the following variables will be

mn_mmrsd_- -

a - Main values
Speed (engine output shaft)
Torque (engine output shaft)

b - Ambient conditions
Temperature of ambient air.
Atmospheric pressure
Humidity

¢ - Air and gases
Inlet air temperature

' InJct or cylinder inlet ‘depression”
Tnlet air flow (performance test only)
Air temperature and-pressure in the inlet manifold

Exhaust temperature -
Exhaust back pressure

d - Lubrication and cooling

Qil temperatures and pressures

Coolant temperatures into and out of the engine

Flow rates of fluids to cooling devices extemal to the

engine (for heat rejection calculations). (Performance test only).
Oil consumption (during endurance tests only). -

e - Fuel
Fuel temperature
Fuel consumption.

f - Miscellaneous
Blow-by
Smoke density.
Exhaust gases analysis (desirable)

-76 -



2.1.3. Repulated paramefers
Outlet temperature of cooling agent

a - water + antifreeze =96°C£3°C
b - other cooling agents = to manufacturers specifications

Inlet Air Depression (*) at rated power :25:+5mbar
Exhaust Back Pressure (**) at rated power : 40+ 5 mbar

Fuel temperature : At injection pump inlet:30+£3°C

Inlet air temperature : The inlet tcmpcmturé will be maintained as close as
possible to 25° C.

(*) Depression between static atmosphere and total pressure at the point of measurcment.

(**) Exhaust back pressure between static atmospheric and static pressure at the point of
measurement. For small engines, which are sensitive to exhaust back pressure manufactu-
rers® recommended figures should be used.

> L4 T it

Measuring is to be done in normal and stable operating conditions.

The temperature of the air entering the engine (ambient air) is to be measured
at a maximum distance of 0,15 m from the air filter inlet or, if there is no
filter, 0,15 m from the air inlet nozzle. The thermometer, or thermocoupie’
must be protected against heat radiation and be located directly in the air jet.
Testing must be carried out in an adequate number of positions to give a re-
presentative inlet tempefature.

Once an output speed has been selected for measurement purposes, its value
must not vary by more than £ 1 % or £ 10 r.p.m. (whichever of these limits is
the higher) during ineasurement.




2.1.5,

The readings for brake load, fuel consumption and inlet air temperature are
to be taken simultaneously, the value recorded being the average of two sta-
bilized results, obtained in succession with brake load and fuel consump-

tion differing by less than 2 %.

When a device fitted with an autornatic starting system is used for measu-
ring speed and fuel consumption, the duration of measurement must be at
least 30 seconds ; if the measuring device is manuaily operated, the dura-

tion must be at least 60 seconds.
An instantaneous consumption measuring device may be utilised.

The exhaust gas outlet temperature must be measured at a point down-
streamn and less than 100 mm from the flange(s) of the exhaust manifold(s).

Lubricant temperature is to be measured at the inlet and outlet of the heat )
exchanger if there is one. Otherwise it must be taken preferably in the lubr-
cation system, or, failing this, in the sump. The measuring point will be
specified in the test report. ‘

Fuel temperature must be read at the injection pump inlet, or carburettor
inlet. '

Auxiliary power take-offs may be loaded and then measured.

Fuels - lubricants and anti-freezes

Engines are to be tested on fuels, lubricants and anti-freezes in conformity
with NATO specifications or specified by National Authorities.

The references of the specifications of products used must be stated in the
approval certificate.



Wmmumm

=TORQUE

The torque must be accurate within 0,5 % of the highest value to be
measured.

= QUTPUT SPEED

Measurement must be accurate to within £ 0,5 %.

= FUEL CONSUMPTION

+ 1 % for all apparatus used.

= TEMPERATURE

Intake air £ 1° C.

=PRESSURE
AImbspheric pmsgure + 0,7 mbar.
Air and gas pressure £ 50 mbar.

Induction and exhauét pressure and depression + 0,250 mbar

Pressure of other fluids & 250 mbar.

-0 _
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SECTION 2-2 - DEFINITION OF ENGINE

Engines will be equipped only with such auxiliary equipment as is
strictly essential to their operation (see table of auxiliary equipment

at section 2.6.)

-

.30 -
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SECTION 2-3 - PERFORMANCE TEST

The performance test maximum load curve will be plotted from measure-
ments taken at a minimum of five speed settings, one of these settings

being the rated speed.

For each setting, the engine should be run for a sufficient time to allow

the operating parameters to stabilize.

Part-load data is to be recorded at the same pre-selected speeds as was
used for the full-load test. The-part loads for each speed point are to be
calculated at least for 85 %, 70 %, 50 % and 25 % of the full load at the

given speed.

During this test, the smoke emission as measured on the BOSCH Scale
(or equivalent) shall not exceed 4.5. (Diesel engines only).

No correction factor will be applied and the test results must include air
temperature, atmospheric pressure, and hygrometry. '

-31-




SEGTION 2-4 - ENDURANCE TEST

2 4.1. The endurance test duration is 400 hours, divided into four periods of 100
hours each. At the completion of each period, the engine shall be submitted

to a full-load performance check.

2 4.2. Normal maintenance and adjustment will be permissible after each 100
hour test period.

Engine oil and filters may be changed after each 100 hour period.

2.4.3. The engine oil temperauirc is to be measured in the lubrication system. The
temperature measurement location shall be specified.

5 4.4. The four 100 hour periods which make up the endurance test are to be car-
ried out with the fuel and Tubricant defined in 2.1.5.

29 4.5. Each 100 hour period is to comprise ten 10 hour cycles.

Each 10 hour cycle will be carried out in accordance with the program
(2.5.).

The change from one running condition to another should be accomplished

within 15 seconds. If not, it must be reported in the test report.

2.4.6. Data will be recorded cfuring the last five minutes of the sub-cycles inclu-
ded in the basic 10 hour cycle, with the exception of sub-cycles 5.

2.4.7. No interruptions are pcrmittcd during any of the subcycles,but the engine
may be switched off on completion of any sub-cycle.

At least S times during each 100 hour period, the engine will be shut down
for a minimum of 8 hours.

3 o et e b AR PIATY nf te<t
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SECTION 2-5_- PROGRAM OF 10 HOUR CYCLE

©

Sub- % Rated Speed % Load Duration
cycle in hours
1 IDLE (1) 0 12
2 + 100 100 (5) 2
3 govemned speed (2) 0 172
4 75 100 (5) 1
5 Idle (1) 100 0 100 2
()] 4 min 6 min
6 .60 Rl 100 (5) 112
7 | IDLE (1) -0 12
8 govemned speed (4) 70 (6) - 172
9 Max torque speed 100 (5) 2
10 60 50 (6) 12
TOTAL ' ' 10
Notes :
(1) Deviation from the regulated éutlet coolant temperature (96° C+ 3° C) is permined
(2) The speed shall be that obtained with the engine at full throwe and with mintmum load (resi-
dual brake load).
When the engine is not fitted with a governor, the throttle will be adjusted to obtain 110 % of
the rated speed.- :
(3) The moving of the command is shorter than 3 seconds.
(4) The specd shall be the steady speed of the engine at full throttle and 70 % load
When the engine is not fitted with a govemor the speed will be 103 % of the rated speed.
(5) One hundred percent load will be govermed by full throtde.

Past Joads (70 2nd 50 %) shall be taken from the initial performance test.
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SECTION 2-6 - DETAILS OF REQUIRED PRODUCTION AUXILIARY

- IPM
Inlet system
Inlet manifold .. Yes
AIr fIHET oiirerermccsananess :
Inlet silencer. . ] Optional
Blowby gas recirculation 11051 ——
Exhaust system
Manifold ...coceeeneeessaranes Yes
PIPINg ..ccceeescsrnneaneees ‘
SIlENCET .ovececrnramsnnrnnens _..] Test bench equipment
Exhaust pipes -e-zeee-ee-

Yes

Fuel feed pump

Yes (details of adjustment will

Carburettor
be specified)
Ignition system
Distributor .. — Yes
Spark-plugs «cocemenesessee Yes
e COILS cmomreeaereramcammsmmasasssenasassnnesyassanss Yes
Suppressor .. Yes

Fuel injection equipment

PIEfIIET .oeeeeeeesnacnssssnnsonsrsasansssnsemsanaasmss
FLET ooncaeervmmneriasmnsasaaseass genmeessanasansasasssrne ]
PUIMP .oveocucmsniusmmmasssmssssssmssssssmssns s sessasess
High-pressure pxpcs ................................
IRJECIOT coureeenmsmamemsmssrsaremsonssansassacsesensess
REGUIALON veeuvoerarraresssrassmssrascasmasassassess=s

Yes or test bench equipment

Yes
Yes
Yes
Yes

-35-
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.

Liciuid cooling equipment

Radiator v S No
FAD ceeecccrmensmsmsnemssrmsemsnsenanss .
Water pump - Yes
Thermostat..... Yes
Air cooling equipment-

Streamlining -.. Yes
Blower. cessnenasanss Yes
Temperature regulating dEVICE cocrmrarmnsanen- Yes
Electrical equipment - If necessary
Supercharging equipement

Compressor driven directly or

indirectly by the engine and/or .
cxhaust gas ... Yes
Charge cooler ST . Yes
Cooling pump OF fan .ceceiemecessesenaravees Yes
(engine driven)

Device for regulating flow

of cooling fluid Yes

-36-




NCLUDED IN TEST REPORT

SECTION 2-7 - INFORMATION TO BE1

A complete report covering all the tests, servicing, maintenance, rectifi-
- cation of faults and the condition of the engine at the strip examination
including the measurements of the principal wearing parts will be com-

piled.

The report will also include the following :

1. A statement of the build standard of the engine, with drawings
and a parts list.
. Photographs of the engine from four different views.

Photographs of the test installation at least four different views.

. A list of equipment fiited to the engine.

wn oA WN

. Sample test sheets.
Full load performance data will be shown in the format indicated.

A list of failures and corrective actions to overcome them.

6. An engine condition report at end of test with photographs of the
condition of major parts such as pistons, bearings, valves, cam-
shafts, crankshafts, cylinder bores together with any other compo-

nents of interest.

7. A trénd chart of oil consumption and blow-by during the endu-
rance tests. .

8. Analysis of new and used lubricating?nﬂ, the later to be taken at .
approximately 100 hours intervals.

9. Fuel analysis.
10.The references of the specifications of the fuel, the lubricant and
the anti freeze used.

11. Any other relevant data.

-37-
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. SYMBOL DEFINITIONS

ti : temperature
of

pi : pressure

airorgas i =0 ambient
=1 afterair filter
=72 after compressor
=7' after charge cooler
=73 at turbine inlet
=4 after turbine

fuel i @ =f
oil 1 =h
water 1 = ¢ inlet engine

=s outlet engine

q : mass flow i=f fuel per hour

=a air per hour

) qc . volumetric flow injected per cycle and per cylinder
) bsfc - brake specific fuel consumption

bmep - brake mean effective pressure

n - rotation speed (engine output shaft)

M : torque idem

P : power idem




SCHEMA DE PRINCIPE DE MOTEUR DIESEL ET A ALLUMAGE
COMMANDE

SCHEMATIC DIAGRAM DIESEL AND SPARK IGNITION ENGINE
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600-HOUR MISSION PROFILE TEST

_ (NUMBERS IN PARENTHEBES ARE OUTPUT SHAFT SPEEDS)
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TOTAL CYGLE 74 MINUTE CYCLE FOR 487 CYCLES




